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© A throttle valve control apparatus including a 
lever connected to the throttle valve serves to elec- 
trically drive a throttle valve which adjusts a rate of 
air flow into an engine mounted on a vehicle. An 
opening degree limiting member is located at a side 
which corresponds to the opening direction. A spring 
urges the opening degree limiting member in a 
direction of closing the throttle valve. An accelerator 
interlocking and driving device serves to move the 
opening degree limiting member in accordance with 
a degree of operation of an accelerator member. A 
throttle actuator functions to adjust a degree of 
opening of the throttle valve. A vehicle speed sensor 
functions to detect a running speed of the vehicle. A 
guard actuator serves to adjust a position of the 
opening degree limiting member. An auto cruise 
control device serves to control the throttle actuator 
and to feedback-control the vehicle speed detected 
by the vehicle speed sensor at a target vehicle 
speed. A guard control means serves to control the 
guard actuator and to adjust the position of the 
opening degree limiting member at a position slight- 
ly separated from a position of the lever in the 
opening direction during control by the auto cruise 
control device. A changing device serves to change 
control of the position of the opening degree limiting 



member by the guard control device and control of 
the position of the opening degree limiting member 
by the accelerator interlocking and driving device 
with each other. 

FIG, 1 
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Field of the Invention 

This invention generally relates to an apparatus 
for controlling a throttle valve, and specifically re- 
lates to a throttle valve control apparatus including 
a guard mechanism for mechanically limiting a 
maximum degree of opening of a throttle valve. 



Description of the Prior Art 



Some of advanced automotive vehicles have a 
link-less throttle system in which the degree of 
depression of an accelerator pedal is converted 
into an electric signal, and a throttle valve is driven 
by an actuator in response to the electric signal. 

The link-less throttle system of a given type is 
equipped with a guard mechanism for mechanically 
limiting the maximum degree of opening of the 
throttle valve. Specifically, the guard mechanism is 
mechanically connected to the accelerator pedal 
To cope with a failure of a control system between 
the accelerator pedal and the throttle valve which 
might cause wrong positioning of the throttle valve, 
the guard mechanism prevents the actual degree 
of opening of the throttle valve from exceeding a 
target degree which is determined by the degree of 
depression of the accelerator pedal. Normally, the 
guard mechanism allows the actual degree of 
opening of the throttle valve to follow the target 
degree. 

Automotive cruise control or automotive engine 
idle speed control requires movement of a throttle 
valve independent of the position of an accelerator 
pedal. Thus, the link-less throttle system of the 
above-mentioned type is generally unsuited for use 
in automotive cruise control or automotive engine 
idle speed control. 

Japanese published unexamined patent appli- 
cation 63-201335 discloses an advanced link-less 
throttle system which can be used in automotive 
cruise control. In the link-less throttle system of 
Japanese application 63-201335, when system 
conditions are normal, the degree of opening of a 
throttle valve which is determined by a guard 
mechanism is held by a vacuum responsive ac- 
tuator at a degree corresponding to the maximum 
degree of opening of the throttle valve (that is, the 
fully-open position of the throttle valve). Thus, in 
this case, the guard mechanism is disabled and 
therefore the throttle valve can be moved indepen- 
dent of the degree of depression of an accelerator 
pedal so that automotive cruise control can be 
executed. On the other hand, when a system fail- 
ure is detected, the vacuum responsive actuator 
moves the guard mechanism into engagement with 
the throttle valve to urge the throttle valve toward 
its closed position. At the same time, the vacuum 
responsive actuator moves the guard mechanism 



into engagement with the accelerator pedal, and 
hence the degree of depression of the accelerator 
pedal is mechanically transmitted to the throttle 
valve via the guard mechanism. In this case, the 
5 guard mechanism is enabled, and the throttle valve 
is moved in accordance with the degree of depres- 
sion of the accelerator pedal. 

In the link-less throttle system of Japanese 
application 63-201335, when a system failure is 
io detected, the accelerator pedal is subjected to both 
the force of an accelerator pedal return spring and 
the force of the vacuum responsive actuator. On 
the other hand, under normal system conditions, 
the accelerator is free from the force of the vacuum 
75 responsive actuator. Thus, when the accelerator 
pedal is depressed to terminate cruise control and 
to accelerate a vehicle from a cruise control speed, 
only the force of the return spring counteracts the 
depression of the accelerator pedal so that the 
20 depression of the accelerator pedal is too easy. 
The easy depression of the accelerator pedal tends 
to cause excessive depression thereof which re- 
sults in a reduction of a vehicle drivability or a 
vehicle fuel consumption rate. 
25 In the link-less throttle system of Japanese 

application 63-201335. when a system failure is 
detected, it takes a certain length of time to move 
the guard mechanism from the disabled state into 
an operable (enabled) state. This length of time 
so generally causes a reduction of system response 
characteristics. 

SUMMARY OF THE INVENTION 

35 It is an object of this invention to provide an 

improved throttle valve control apparatus. 

This invention provides a throttle valve control 
apparatus for electrically driving a throttle valve 
which adjusts a rate of air flow into an engine 
40 mounted on a vehicle which comprises a lever 
connected to the throttle valve for movement in an 
opening direction and a closing direction together 
with the throttle valve; an opening degree limiting 
member located in a side of the lever which cor- 

45 responds to the opening direction; a spring urging 
the opening degree limiting member in a direction 
of closing the throttle valve; an accelerator mem- 
ber; accelerator interlocking and driving means for 
moving the opening degree limiting member in 

so accordance with a degree of operation of the accel- 
erator member; a throttle actuator for adjusting a 
degree of opening of the throttle valve; a vehicle 
speed sensor for detecting a running speed of the 
vehicle; a guard actuator for adjusting a position of 

55 the opening degree limiting member; auto cruise 
control means for controlling the throttle actuator 
and feedback-controlling the vehicle speed detect- 
ed by the vehicle speed sensor at a target vehicle 
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speed; guard control means for controlling the 
guard actuator and adjusting the position of the 
opening degree limiting member at a position 
slightly separated from a position of the lever in the 
opening direction during control by the auto cruise 
control means; and changing means for changing 
control of the position of the opening degree limit- 
ing member by the guard control means and con- 
trol of the position of the opening degree limiting 
member by the accelerator interlocking and driving 
means with each other. 

According to this invention, when the operation 
of the vehicle is in an auto cruise mode, the guard 
control means controls the position of the opening 
degree limiting member at a position slightly sepa- 
rated from the throttle opening degree in the open- 
ing direction. The changing means serves to 
change control of the position of the opening de- 
gree limiting member by the guard control means 
and control of the position of the opening degree 
limiting member by the accelerator interlocking and 
driving means with each other. Thus, during the 
operation of the vehicle in the auto cruise mode, 
the opening degree limiting member does not inter- 
fere with movement of the lever. When the opera- 
tion of the vehicle changes from the auto cruise 
mode to a normal control mode, the opening de- 
gree limiting member limits the opening-direction 
position of the lever to limit the maximum degree 
of opening of the throttle valve. 

Since the position of the opening degree limit- 
ing member is controlled at a position slightly 
separated from the throttle valve opening degree in 
the opening direction during the operation of the 
vehicle in the auto cruise mode, the difference 
between the position of the opening degree limiting 
member during the operation of the vehicle in the 
auto cruise mode and the position of the opening 
degree limiting member during the operation of the 
vehicle in the normal control mode is smaller than 
the entire movable range of the opening degree 
limiting member. Therefore, when the operation of 
the vehicle is changed from the auto cruise mode 
to the normal control mode, the opening degree 
limiting member can quickly change from the state 
driven by the guard actuator to the state driven by 
the accelerator interlocking and driving means. 
Thus, upon the change from the auto cruise mode 
to the normal control mode, the maximum degree 
of opening of the throttle valve can be immediately 
limited. 

The change from the auto cruise mode to the 
normal control mode may be executed when a 
malfunction of a control circuit is detected. In this 
case, after the detection of the malfunction, the 
maximum degree of opening of the throttle valve 
can be immediately limited and hence an exces- 
sive increase in the engine power output can be 
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suppressed. 

The change from the auto cruise mode to the 
normal control mode may be executed when the 
vehicle is accelerated from the cruise controlled 

5 state. In this case, the degree of operation of the 
accelerator member is increased. In addition, upon 
the change from the auto cruise mode to the nor- 
mal control mode to accelerate the vehicle from the 
cruise controlled state, the opening degree limiting 

70 member immediately starts to be driven by the 
accelerator interlocking and driving means. There- 
fore, the accelerator member immediately receives 
a spring force. In other words, the accelerator 
member immediately receives an appropriate force 

75 reacting against the force of operation thereof. In 
this way, during the acceleration of the vehicle 
from the cruise controlled state, it is possible to 
prevent the operation of the accelerator member 
from being excessively easy so that the vehicle 

20 driver can have good feeling in operating the accel- 
erator member. 

During the operation of the vehicle in the nor- 
mal control mode, the degree of opening of the 
throttle valve may be adjusted, in a range sepa- 

25 rated from the position of the opening degree limit- 
ing member in the closing direction, in response to 
the degree of operation of the accelerator member. 
Acceleration of the vehicle from the cruise con- 
trolled state may be detected by the fact that the 

30 degree of operation of the accelerator member 
exceeds a degree corresponding to the throttle 
opening degree which occurs in the operation of 
the vehicle in the auto cruise mode. In this case, as 
the degree of operation of the accelerator member 

35 is increased, acceleration of the vehicle from the 
cruise controlled state is detected soon and then 
the throttle valve starts to be controlled in response 
to the degree of operation of the accelerator mem- 
ber. Immediately after the acceleration is detected, 

40 the opening degree limiting member is driven by 
the accelerator interlocking and driving means. 
Therefore, when the acceleration starts, the accel- 
erator member receives a spring force and thus 
receives an appropriate force reacting against the 

45 force of operation thereof. Accordingly, the driver 
can have a feel of the acceleration through the 
operation of the accelerator member. In addition, it 
is possible to prevent the accelerator member from 
being operated at an excessive degree. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram of a throttle valve control 
apparatus according to a first embodiment of this 
55 invention. 

Fig. 2 is a diagram of the relation among a 
throttle opening degree, a guard opening degree, 
and a degree of depression of an accelerator pedal 

3 
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in the apparatus of Fig. i. 

Fig. 3 is a flowchart of a segment of a program 
for operating an ECU in Fig. 1. 

Fig. 4 is a flowchart of an internal structure of a 
block in Fig. 3. 

Fig. 5 is a diagram of the relation among a 
throttle opening degree, a guard opening degree, 
and a degree of depression of an accelerator pedal 
which occurs during normal control in the appara- 
tus of Fig. 1 . 

Fig. 6 is a flowchart of a portion of a program 
for operating an ECU in a throttle valve control 
apparatus according to a second embodiment of 
this invention. 

Fig. 7 is a flowchart of another portion of the 
program for operating the ECU in the apparatus 
according to the second embodiment of this inven- 
tion. 

Fig. 8 is a diagram of the relation among a 
throttle opening degree, a guard opening degree, 
and a degree of depression of an accelerator pedal 
in a throttle valve control apparatus according to a 
third embodiment of this invention. 

Fig. 9 is a diagram of a throttle valve control 
apparatus according to a fourth embodiment of this 
invention. 

Fig. 10 is a diagram of a throttle valve control 
apparatus according to a fifth embodiment of this 
invention. 

Fig. 1 1 is a diagram of a DC motor drive circuit 
in the apparatus of Fig. 10. 

Fig. 12 is a flowchart of a portion of a program 
for operating an ECU in a throttle valve control 
apparatus according to a sixth embodiment of this 
invention. 

Fig. 13 is a diagram of the relation between a 
control valve energization time and a guard open- 
ing degree in the apparatus according to the sixth 
embodiment of this invention. 

Fig. 14 is a time-domain diagram of a target 
guard opening degree, an actual guard opening 
degree, and a state of a control valve drive signal 
in the apparatus according to the sixth embodiment 
of this invention. 

Fig. 15 is a flow diagram of operation of an 
ECU in a throttle valve control apparatus according 
to a seventh embodiment of this invention. 

Fig. 16 is a time-domain diagram of states of 
various parameters in the apparatus according to 
the seventh embodiment of this invention. 

Fig. 17 is a time-domain diagram of states of 
various parameters in the apparatus according to 
the seventh embodiment of this invention. 



DESCRIPTION OF THE FIRST PREFE RRED EM- 
BODIMENT " 

With reference to Fig. 1, a throttle body 11 
5 accommodates a rotatable throttle valve 12 which 
is supported by a shaft 13. An actuator 14 for 
driving the throttle valve 12 includes a DC motor or 
a stepping motor. The throttle actuator 14 has an 
output shaft which can be coupled with the shaft 13 
io of the throttle valve 12. A return spring 10 urges 
the output shaft of the throttle actuator 14 in the 
direction of closing the throttle valve 12 (which is 
also referred to as the closing direction). 

The throttle body 1 1 is provided with a throttle 
75 opening degree sensor or a position sensor 15 for 
detecting the degree of opening of the throttle 
valve 12 (that is, the throttle opening degree or the 
throttle angular position). The throttle opening de- 
gree sensor 15 outputs a signal representative of 
20 the detected throttle opening degree to an elec- 
tronic control unit 16 which will be referred to as 
the ECU 16 hereinafter. 

A vehicle speed sensor 17 detects the speed 
of a vehicle body, and outputs a signal representa- 
25 tive of the detected vehicle speed to the ECU 16. 
An accelerator sensor 19 including a position sen- 
sor detects the degree of depression of an accel- 
erator pedal 18, and outputs a signal representative 
of the detected accelerator depression degree to 
30 the ECU 16. A guard opening degree sensor 38 
associated with a guard mechanism 24 detects a 
guard opening degree (a guard throttle opening 
degree) determined by the guard mechanism 24. 
The guard opening degree sensor 38 outputs a 
35 signal representative of the detected guard opening 
degree to the ECU 16. The guard opening degree 
corresponds to a degree of opening of the throttle 
valve 12 which is determined by the guard mecha- 
nism 24. A cruise control switch 20 generates an 
40 instruction signal related to automotive cruise con- 
trol, and outputs the cruise control instruction sig- 
nal to the ECU 16. 

The ECU 16 controls the throttle actuator 14 in 
response to the output signals of the devices 15, 
45 17, 19, 20, and 38. The accelerator pedal 18 is 
connected to a return spring 23 via a wire 22 
supported on a roller 21 . 

The guard mechanism 24 serves to mechani- 
cally limit the maximum degree of opening of the 
so throttle valve 12. The guard mechanism 24 in- 
cludes an opening degree limiting member 25 and 
a spring 26. The opening degree limiting member 
25 can translate in a vertical direction (an up- 
ward/downward direction) as viewed in Fig. 1. The 
55 spring 26 urges the opening degree limiting mem- 
ber 25 in the direction of closing the throttle valve 
12, that is, in the downward direction. A left-hand 
end of the opening degree limiting member 25 is 
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located above a lever 27 which rotates together 
with the throttle valve 12. A spring 28 urges the 
lever 27 in the direction of opening the throttle 
valve 12, that is, the upward direction. The direc- 
tion of opening the throttle valve 12 is also referred 
to as the opening direction. The original force of 
the spring 28 is set weaker than the original force 
of the spring 26. 

Normally, the throttle valve 12 is urged by the 
spring 28 toward its fully-open position, and the 
throttle valve 12 is allowed to open until the lever 
27 encounters the opening degree limiting member 
25. When the lever 27 encounters the opening 
degree limiting member 25, the throttle valve 12 is 
prevented from further opening by the force of the 
spring 26 which acts on the opening degree limit- 
ing member 25. Thus, the maximum degree of 
opening of the throttle valve 12 is normally limited 
to the guard opening degree which is determined 
by the position of the opening degree limiting 
member 25 in the guard mechanism 24. 

A right-hand portion of the opening degree 
limiting member 25 has a hole 29 through which 
the wire 22 connected to the accelerator pedal 18 
extends. A stopper 30 fixed to the wire 22 is 
located below the opening degree limiting member 
25. When the accelerator pedal 18 is depressed, 
the wire 22 and the stopper 30 move upward so 
that the stopper 30 can contact the opening degree 
limiting member 25. It should be noted that Fig. 1 
shows conditions where automotive cruise control 
is being executed and the accelerator pedal 18 is 
in its undepressed position. 

The guard opening degree, that is, the position 
of the opening degree limiting member 25, can be 
varied by an actuator 31 for the guard mechanism 
24. The guard actuator 31 includes a vacuum re- 
sponsive actuator having a diaphragm and an out- 
put rod 32. The output rod 32 moves up and down 
in accordance with displacement of the diaphragm. 
A lower end of the output rod 32 is connected to a 
left-hand portion of the opening degree limiting 
member 25 via a stopper 32a. The opening degree 
limiting member 25 moves up and down as the 
output rod 32 moves up and down. 

An electromagnetic control valve 33 and an 
electromagnetic relief valve 34 are connected to 
the guard actuator 31. The control valve 33 is of. 
for example, the three-way type. A vacuum source 
(not shown) and an atmospheric pressure source 
(not shown) are connected to the control valve 33. 
The control valve 33 can selectively supply a vacu- 
um and an atmospheric pressure, adjusting the 
level of a pressure (a vacuum) applied to the guard 
actuator 31. Since the position of the output rod 32 
of the guard actuator 31 depends on the level of 
the vacuum applied to the guard actuator 31, the 
guard opening degree (that is, the position of the 
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opening degree limiting member 25) can be ad- 
justed in accordance with the level of the vacuum 
applied to the guard actuator 31. Operation of the 
control valve 33 is controlled by the ECU 16. 

5 The relief valve 34 is connected to the at- 

mospheric pressure source. The relief valve 34 
serves to selectively apply the atmospheric pres- 
sure to the guard actuator 31. Operation of the 
relief valve 34 is controlled by a failure detection 

10 circuit 35. The failure detection circuit 35 deter- 
mines whether or not a control system for the 
throttle valve 12 is wrong by referring to the output 
signal of the cruise control switch 20 and the 
output signal of a vehicle brake switch 36. When 

75 the control system is determined to be wrong, the 
failure detection circuit 35 drives the relief valve 34 
to apply the atmospheric pressure to the guard 
actuator 31 and thereby to move the opening de- 
gree limiting member 25 toward its lowermost posi- 

20 tion. 

The ECU 16 includes a microcomputer or a 
similar device having a combination of an in- 
put/output port, a CPU, a RAM. and a ROM. The 
ECU 16 operates in accordance with a program 

25 stored in the ROM. The program includes a main 
routine and various control routines. Some of the 
control routines relate to normal throttle opening 
degree control responsive to the depression of the 
accelerator pedal 18, throttle opening degree con- 

30 trol responsive to the vehicle speed during the 
execution of automotive cruise control, and guard 
opening degree control responsive to the throttle 
opening degree during the execution of automotive 
cruise control. Specifically, during the execution of 

35 automotive cruise control, the ECU 16 controls the 
guard actuator 31 in response to the throttle open- 
ing degree so that the guard opening degree will 
remain greater than the throttle opening degree by 
a given quantity. 

40 Fig. 2 shows the relation between the throttle 

opening degree and the guard opening degree 
which occurs during the execution of automotive 
cruise control. In Fig. 2, the hatched region extend- 
ing at and around a line denoting a target guard 

45 opening degree is a good region where the guard 
opening degree exists. During the execution of 
automotive cruise control, the throttle opening de- 
gree is adjusted in response to the vehicle speed. 
In Fig. 2, the throttle opening degree and the guard 

so opening degree are indicated as a function of the 
degree of depression of the accelerator pedal 1 8. 

With reference to Fig. 2, the guard opening 
degree is controlled into the region between a 
lower limit greater than the throttle opening degree 

55 TS by a value KL and an upper limit greater than 
the throttle opening degree TS by a value KH. The 
values KL and KH are suitably chosen in consider- 
ation of characteristics of automotive cruise control. 

5 
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In addition, the values KL and KH are chosen so 
that, when the accelerator pedal 18 is depressed to 
terminate automotive cruise control and to acceler- 
ate a vehicle from a cruise control speed, the 
stopper 30 can promptly encounter the opening 
degree limiting member 25 and thus the force of 
the spring 26 can quickly counteract the depres- 
sion of the accelerator pedal 1 8. In Fig. 2, a value 
KM intermediate between the values KL and KH 
corresponds to the target guard opening degree. 
An angle (for example, about 4°) corresponding to 
the value KM is set smaller than an angle (for 
example, about 5°) corresponding to the difference 
between the guard opening degree and the throttle 
opening degree which occurs during the execution 
of normal throttle opening degree control. This set- 
ting of the value KM enables the accelerator pedal 
18 to quickly receive an appropriate load upon 
acceleration of the vehicle from a cruise controlled 
state. 

As previously described, the ECU 16 operates 
in accordance with a program. Fig. 3 is a flowchart 
of a segment of the program which relates to 
throttle opening degree control and guard opening 
degree control. The program segment of Fig. 3 is 
periodically reiterated. 

As shown in Fig. 3, a first step 401 of the 
program segment determines whether or not a 
cruise control (C/C) execution flag is in an ON 
state. When the C/C execution flag is in the ON 
state, the program advances from the step 401 to a 
step 402. Otherwise, the program advances from 
the step 401 to a step 405. 

The step 402 determines whether or not the 
output signal of the C/C switch 20 is in an ON 
state. When the output signal of the C/C switch 20 
is in the ON state, the program advances from the 
step 402 to a step 403. Otherwise, the program 
exists from the step 402 and returns to the main 
routine so that the current execution cycle of the 
program segment ends. 

The step 403 sets the C/C execution flag to the 
ON state. A step 404 following the step 403 sets a 
target vehicle speed to the present vehicle speed 
derived from the output signal of the vehicle speed 
sensor 17. Alter the step 404, the program ad- 
vances to a step 410. 

The step 410 derives the current vehicle speed 
from the output signal of the vehicle speed sensor 
17. A step 41 1 following the step 410 compares the 
current vehicle speed, which is derived in the step 
410, with the target vehicle speed set by the step 
404. When the current vehicle speed is higher than 
the target vehicle speed, the program advances 
from the step 410 to a step 412 which controls the 
throttle actuator 14 to reduce the degree of open- 
ing of the throttle valve 12. When the current 
vehicle speed is equal to the target vehicle speed, 



the program advances from the step 410 to a step 
413 which controls the throttle actuator 14 to hold 
the degree of opening of the throttle valve 12 
unchanged. When the current vehicle speed is 
5 lower than the target vehicle speed, the program 
advances from the step 410 to a step 414 which 
controls the throttle actuator 14 to increase the 
degree of opening of the throttle valve 12. 

After the steps 412, 413, and 414, the program 
10 advances to a block 417 for controlling the guard 
actuator 31 to execute adjustment of the guard 
opening degree. The guard opening degree control 
block 417 will be described in detail later. Alter the 
block 41 7, the program returns to the main routine 
75 and the current execution cycle of the program 
segment ends. 

The step 405 determines whether or not the 
output signal of the C/C switch 20 is in the ON 
state. When the output signal of the C/C switch 20 
20 is in the ON state, the program advances from the 
step 405 to a step 406. Otherwise, the program 
advances from the step 405 to a step 41 5. 

The step 406 determines whether or not the 
output signal of the brake switch 36 is in an ON 
25 state. When the output signal of the brake switch 
36 in the ON state, the program advances from the 
step 406 to a step 407. Otherwise, the program 
advances from the step 406 to the step 41 5. 

The step 407 derives the current degree of 
30 depression of the accelerator pedal 18 from the 
output signal of the accelerator sensor 19. A step 
408 following the step 407 derives the current 
degree of opening of the throttle valve 12 from the 
output signal of the throttle opening degree sensor 
35 15. 

A step 409 following the step 407 determines 
whether or not a throttle opening degree which 
corresponds to the current degree of depression of 
the accelerator pedal 18 is greater than the current 
40 degree of opening of the throttle valve 12. When 
the throttle opening degree which corresponds to 
the current degree of depression of the accelerator 
pedal 18 is equal to or less than the current degree 
of opening of the throttle valve 12, the program 
45 advances from the step 409 to the step 410. On 
the other hand, when the throttle opening degree 
which corresponds to the current degree of depres- 
sion of the accelerator pedal 18 is greater than the 
current degree of opening of the throttle valve 12, 
so that is, when the accelerator pedal 18 is depressed 
to accelerate the vehicle from the cruise control 
speed, the program advances from the step 409 to 
the step 415. 

The step 415 sets the C/C execution flag to an 
55 OFF state. In addition, the step 415 sets the C/C 
switch 20 to an OFF state. A block 416 following 
the step 415 executes the normal throttle opening 
degree control responsive to the depression of the 
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accelerator pedal 18. Alter the block 416, the pro- 
gram advances to the guard opening degree con- 
trol block 417. 

Specifically, the block 416 drives the control 
valve 33 to suspend operation of the guard actuator 
31 so that the opening degree limiting member 25 
can assume its lowermost position. The block 416 
executes the normal throttle opening degree con- 
trol responsive to the depression of the accelerator 
pedal 18. In more detail, the block 416 drives the 
throttle actuator 1 4 and thereby controls the degree 
of opening of the throttle valve 12 in response to 
the degree of depression of the accelerator pedal 
18 according to predetermined characteristics 
shown in Fig. 5. During the execution of the normal 
throttle opening degree control, the stopper 30 
remains in contact with the opening degree limiting 
member 25, and the guard opening degree deter- 
mined by the position of the opening degree limit- 
ing member 25 is proportional to the degree of 
depression of the accelerator pedal 18 as denoted 
by the dash line in Fig. 5. In addition, the degree of 
opening of the throttle valve 12 is proportional to 
the degree of depression of the accelerator pedal 
18 as denoted by the solid line in Fig. 5. In this 
case, the guard opening degree corresponds to a 
throttle opening degree which remains greater than 
the degree of opening of the throttle valve 12. It 
should be noted that the degree of opening of the 
throttle valve 12 and the degree of depression of 
accelerator pedal 18 may be in a relation denoted 
by the dot dash line in Fig. 5. 

Fig. 4 shows an internal structure of the guard 
opening degree control block 417. As shown in Fig. 
4, a first step 301 in the block 417 determines 
whether or not a failure flag is in an ON state. 
When the failure flag is in the ON state, the pro- 
gram advances from the step 301 to a step 303. 
Otherwise, the program advances from the step 
301 to a step 302. 

It should be noted that the failure flag is con- 
trolled by a failure detection routine (not shown) of 
the program. Specifically, the failure detection rou- 
tine determines whether or not a control system 
including the throttle actuator 14, the ECU 16, and 
the accelerator sensor 19 is wrong. When the con- 
trol system is determined to be wrong, the failure 
detection routine sets the failure flag to the ON 
state. When the control system is determined to be 
not wrong, the failure detection routine sets the 
failure flag to an OFF state. 

The step 302 determines whether or not the 
C/C execution flag is in the ON state. When the 
C/C execution flag is in the ON state, the program 
advances from the step 302 to a step 304. Other- 
wise, the program advances from the step 302 to 
the step 303. 



The step 303 drives the control valve 33 to 
suspend operation of the guard actuator 31 so that 
the stopper 32a and the opening degree limiting 
member 25 can assume their lowermost positions. 

5 As a result, the opening degree limiting member 25 
comes into contact with the stopper 30, and the 
accelerator pedal 1 8 receives both the forces of the 
springs 23 and 26. Alter the step 303, the program 
returns to the main routine and the current execu- 

10 tion cycle of the program segment ends. 

The step 304 derives the current degree TS of 
opening of the throttle valve 12 from the output 
signal of the throttle opening degree sensor 15. In 
addition, the step 304 derives the actual current 

75 guard opening degree MG from the output signal of 
the guard opening degree sensor 38. 

A step 305 subsequent to the step 304 cal- 
culates a target guard opening degree TG from the 
current throttle opening degree TS according to the 

20 following equation. 

TG = TS + KM (1) 

where KM denotes a value intermediate between 
25 the lower limit KL and the upper limit KH of the 
guard opening degree. Specifically, the value KM is 
given as: 

KM = (KL + KH)/2 (2) 

30 

A step 306 subsequent to. the step 305 cal- 
culates the difference AMG between the target 
guard opening degree TG and the actual guard 
opening degree MG according to the following 
35 equation. 

AMG = MG - TG (3) 

A step 307 following the step 306 compares 
40 the difference AMG with values AK and -AK. The 
values AK and -AK are given as: 

AK = KH - KM, -AK = KL - KM 

45 When the difference AMG is greater than the value 
AK, that is, when the actual guard opening degree 
MG exceeds the hatched good region in Fig. 2, the 
program advances from the step 307 to a step 308. 
When the difference AMG is smaller than the value 

so -AK, that is, when the actual guard opening degree 
MG is lower than the hatched good region in Fig. 2, 
the program advances from the step 307 to a step 
309. When the difference AMG is between the 
values AK and -AK, that is, when the actual guard 

55 opening degree MG is in the hatched good region 
in Fig. 2, the program advances from the step 307 
to a step 31 0. 
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The step 308 drives the control valve 33 to 
increase the pressure applied to the guard actuator 
31. As a result, the guard opening degree deter- 
mined by the guard mechanism 24 is reduced 
toward the throttle fully-closed side so that the 
actual guard opening degree MG can fall into the 
hatched good region in Fig. 2. 

The step 309 drives the control valve 33 to 
decrease the pressure applied to the guard ac- 
tuator 31. As a result, the guard opening degree 
determined by the guard mechanism 24 is in- 
creased toward the throttle fully-open side so that 
the actual guard opening degree MG can fall into 
the hatched good region in Fig. 2. 

The step 310 suspends operation of the control 
valve 33 to hold the pressure applied to the guard 
actuator 31 as it is. Therefore, the guard opening 
degree determined by the guard mechanism 24 
remains unchanged so that the actual guard open- 
ing degree MG can stay within the hatched good 
region in Fig. 2. 

After the steps 307, 308, and 309, the program 
returns to the main routine and the current execu- 
tion cycle of the program segment ends. 

The reiterative execution of the guard opening 
degree control block 417 enables the actual guard 
opening degree MG to follow a variation in the 
throttle opening degree TS and also to substantially 
remain within the hatched good region in Fig. 2. It 
is understood from Fig. 2 that, in this case, a given 
difference corresponding to a value of KL to KH is 
provided between the throttle opening degree TS 
and the actual guard opening degree MG. 

When the difference between the throttle open- 
ing degree TS and the actual guard opening de- 
gree MG is in the good region, operation of the 
guard actuator 31 is suspended. Only when the 
difference between the throttle opening degree TS 
and the actual guard opening degree MG moves 
out of the good region, the guard actuator 31 is 
driven. Thus, the number of times of drive of the 
guard actuator 31 is small. This is advantageous in 
the life of the guard actuator 31 and also the 
electric power consumed by the guard actuator 31 . 

When the vehicle is required to move out of 
cruise control and to accelerate from a cruise con- 
trol speed, the accelerator pedal 18 is depressed. 
In this case, since the guard opening degree is 
slightly greater than the throttle opening degree, 
the stopper 30 promptly encounters the opening 
degree limiting member 25 during the depression 
of the accelerator pedal 18. Therefore, the accel- 
erator pedal 18 receives both the forces of the 
springs 23 and 26 so that the application of an 
appropriate level of a depressing force to the ac- 
celerator pedal 1 8 is required to realize the depres- 
sion thereof. Thus, upon acceleration of the vehicle 
from the cruise control speed, the depression of 



the accelerator pedal 18 is not excessively easy 
and hence excessive depression thereof is pre- 
vented. This is advantageous in the vehicle 
drivability and the vehicle fuel consumption rate. 
5 The failure detection circuit 34 which separates 

from the ECU 16 continues to determine whether 
or not the control system for the throttle valve 12 is 
wrong by referring to the output signal of the cruise 
control switch 20 and the output signal of the 
io vehicle brake switch 36. When the control system 
is determined to be wrong, the failure detection 
circuit 35 drives the relief valve 34 to apply the 
atmospheric pressure to the guard actuator 31 and 
thereby to move the opening degree limiting mem- 
75 ber 25 toward its lowermost position. Thereby, the 
opening degree limiting member 25 comes into 
contact with the lever 27, and the throttle valve 12 
is urged toward its fully-closed position by the 
spring 26 connected to the opening degree limiting 
20 member 25. The opening degree limiting member 
25 also comes into contact with the stopper 30 so 
that movement of the accelerator pedal 1 8 can be 
mechanically transmitted to the throttle valve 12. 
The steps 304-310 in Fig. 4 enable the guard 
25 opening degree to be controlled in response to the 
throttle opening degree (the actual throttle opening 
degree) TS which is detected by the throttle open- 
ing degree sensor 15. This design is advantageous 
since the control of the guard opening degree can 
30 be held reliable even in the presence of a system 
failure of a certain type. 

As previously described, the given difference 
corresponding to a value of KL to KH is provided 
between the throttle opening degree and the guard 
35 opening degree. Thus, the difference between the 
throttle opening degree and the guard opening 
degree is variable in a given good range. It should 
be noted that feedback control may be executed to 
hold the difference between the throttle opening 
40 degree and the guard opening degree at a value 
corresponding to the center of the given good 
range. 

The guard actuator 31 may use an electric 
motor instead of the vacuum responsive actuator. 

45 In this case, the control valve 33 and the relief 
valve 34 are omitted. When a system failure is 
detected, the electric motor in the guard actuator 
31 is deenergized by the ECU 16 so that the 
opening degree limiting member 25 can be moved 

50 downward by the force of the spring 26. 

The failure detection circuit 35 may be incor- 
porated into the ECU 16. 

DESCRIPTION OF THE SECOND PREFE RRED 
55 EMBODIMENT 

A second embodiment of this invention is simi- 
lar to the embodiment of Figs. 1-5 except for 
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design changes indicated hereinafter. 

In the second embodiment, each of the steps 
412, 413, 414, and 416 (see Fig. 3) determines a 
command throttle opening degree Ts\ and controls 
the throttle actuator 14 in response to the com- 
mand throttle opening degree Ts' so that the actual 
degree of opening of the throttle valve 12 can be 
equal to the command throttle opening degree Ts*. 

The second embodiment includes steps 311 
and 312 of Fig. 6 which replace the steps 304 and 
305 of Fig. 4. The step 311 retrieves the latest 
command throttle opening degree Ts* determined 
by the step 412, 413, 414, or 416. In addition, the 
step 311 derives the actual current guard opening 
degree MG from the output signal of the guard 
opening degree sensor 38 (see Fig. 1). The step 

312 which follows the step 311 calculates a target 
guard opening degree TG from the latest command 
throttle opening degree Ts 1 according to the follow- 
ing equation. 

TG = Ts' + KM (4) 

The second embodiment also includes steps 

313 and 314 of Fig. 7 which may be placed be- 
tween the steps 312 and 306 (see Fig. 4). The step 
313 derives the current degree TS of opening of 
the throttle valve 12 from the output signal of the 
throttle opening degree sensor 15. In addition, the 
step 313 determines whether or not the detected 
throttle opening degree (the actual throttle opening 
degree) TS and the latest command throttle open- 
ing degree Ts 1 are substantially or approximately 
equal to each other. Specifically, the step 313 
determines whether or not the actual throttle open- 
ing degree TS and the latest command throttle 
opening degree Ts' are in the following relation. 

TS - AS £ Ts' £ TS + AS . (5) 

where AS denotes a predetermined small constant. 
When the relation (5) is not satisfied, the program 
advances from the step 313 to the step 314. When 
the relation (5) is satisfied, the program jumps from 
the step 313 to the following step. The step 314 
sets the failure flag to the ON state. After the step 
314, the program advances to the following step. 

DESCRIPTION OF THE THIRD PREFERRED EM- 
BODIMENT 

A third embodiment of this invention is similar 
to the embodiment of Figs. 1-5 except for design 
changes indicated hereinafter. 

In the third embodiment, as shown in Fig. 8, 
the target guard opening degree increases step- 
wise as the degree of depression of the accelerator 
pedal 18 (see Fig. 1) increases. A given difference 



corresponding to a value of KL to KH is provided 
between the throttle opening degree and the guard 
opening degree. Thus, the difference between the 
throttle opening degree and the guard opening 

5 degree is variable in a given good range. It should 
be noted that feedback control may be executed to 
hold the difference between the throttle opening 
degree and the guard opening degree at a value 
corresponding to the center of the given good 

io range. 

DESCRIPTION OF THE FOURTH PREFERRED 
EMBODIMENT 

75 Fig. 9 shows a fourth embodiment of this in- 

vention which is similar to the embodiment of Figs. 
1-5 except for design changes indicated 
hereinafter. 

As shown in Fig. 9, the fourth embodiment 

20 includes a reduction gear assembly 40 connected 
between the throttle actuator 14 and the shaft 13 of 
the throttle valve 12. Specifically, the input side of 
the reduction gear assembly 40 is coupled with the 
throttle actuator 14. The reduction gear assembly 

25 40 has an output shaft 41 which can be coupled 
with the shaft 13 of the throttle valve 12. The 
throttle opening degree sensor 15 is associated 
with the output shaft 41 of the reduction gear 
assembly 40. In addition, the return spring 10 is 

30 connected to the output shaft 41 of the reduction 
gear assembly 40. 

In the fourth embodiment, the ECU 16 is in- 
formed of the current operating position of the 
throttle actuator 14 by the throttle opening degree 

35 sensor 15. Immediately after an automotive engine 
ignition switch 42 connected to the ECU 16 is 
changed to an ON position, the current operating 
position of the throttle actuator 14 is detected by 
the throttle opening degree sensor 15 so that feed- 

40 back control responsive to the operating position of 
the throttle actuator 14 can be started. Therefore, 
an impact on the shaft 13 of the throttle valve 12 
can be prevented, and a throttle opening degree 
suited for starting of the automotive engine can be 

45 quickly obtained. 

DESCRIPTION OF THE FIFTH PREFERRED EM- 
BODIMENT 

so Fig. 10 shows a fifth embodiment of this inven- 

tion which is similar to the embodiment of Figs. 1-5 
except for design changes indicated hereinafter. 

In the fifth embodiment, as shown in Fig. 10, 
the throttle actuator 14 has an output shaft which 

55 can be coupled with the shaft 13 of the throttle 
valve 12. The throttle opening degree sensor 15 is 
associated with the output shaft of the throttle ac- 
tuator 14. The return spring 10 (see Fig. 10) is 
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omitted. The omission of the return spring 10 en- 
ables a reduction in electric power consumed by 
the throttle actuator 14. 

The throttle actuator 14 includes a DC motor. 
In the fifth embodiment, the ECU 16 includes a 
drive circuit for the DC motor 14 which is shown in 
Fig. 11. 

As shown in Fig. 11, the drive circuit includes a 
transistor bridge 50 for changing the direction of a 
current flowing through the DC motor 14. The ECU 
16 generates a drive signal S of a rectangular 
waveform which is fed to a drive circuit 51. The 
drive circuit 51 serves to drive the transistor bridge 
50 in response to the drive signal S. The drive 
circuit 51 includes comparators COM1 and COM2 j 
and an inverter INV which are sequentially con- 
nected in cascade. 

The transistor bridge 50 can be supplied with 
electric power from main and auxiliary batteries 53 
and 55 via a switch circuit 52. The main battery 53 2 
is an automotive battery. The switch circuit 52 
includes switches IGl, IG2, IG3, and IG4. The 
switch IG1 is connected between the main battery 
53 and the transistor bridge 50. The switches IG2 
and IG3 are connected between the auxiliary bat- 2 
tery 55 and the transistor bridge 50. The switch 
IG4 is connected to the inverting input terminal of 
the comparator COM1. The switch IG4 serves to 
selectively enable and disable the comparator 
COM1. 3i 

The switch circuit 52 is interlocked with an 
automotive engine ignition switch 42. Specifically, 
each of the switches IG1. IG2, and IG4 moves to 
an ON position and an OFF position when the 
ignition switch 42 changes to an ON position and 3> 
an OFF position respectively. The switch IG3 
moves to an ON position and an OFF position 
when the ignition switch 42 changes to the OFF 
position and the ON position respectively. 

When the ignition switch 42 is in its ON posi- 4C 
tion, the switches IG1 and IG2 are in their ON 
positions so that the main battery 53 supplies elec- 
tric power to the transistor bridge 50 and the auxil- 
iary battery 55. In addition, the switch IG4 is in its 
ON position so that the comparator COM1 is en- 45 
abled. Therefore, the DC motor 14 is driven in 
response to the drive signal S via the transistor 
bridge 50 and the drive circuit 51. At the same 
time, the auxiliary battery 55 is charged. 

When the ignition switch 42 is changed to its 50 
OFF position to stop an automotive engine, the 
switches IG1 and IG2 assume their OFF positions 
and the switch IG3 assumes its ON position so that 
the auxiliary battery 55 supplies electric power to 
the transistor bridge 50. In addition, the switch IG4 55 
assumes its OFF position so that the comparator 
COM1 is disabled. Therefore; the comparator 
COM1 continuously outputs a low level signal in- 



dependent of the drive signal S, and the output 
signal MS of the comparator COM2 remains at a 
low level. The low level output signal MS of the 
comparator COM2 is applied to the transistor 
bridge 50, allowing an electric current to flow 
through the DC motor 14 in a direction of opening 
the throttle valve 12. In this case, the auxiliary 
battery 55 also supplies electric power to the drive 
circuit 51. 

The fifth embodiment may be modified into a 
design in which the switches IG1, IG2, IG3, and 
IG4 of the switch circuit 52 include electrically- 
controllable switches such as relay switches, and 
the switches IG1, IG2, IG3, and IG4 are controlled 
to return the DC motor 14 to its reference position 
and the control of the throttle valve 12 in response 
to only movement of the accelerator pedal 18 is 
executed when a malfunction of the ECU 16 or the 
DC motor 14 is detected. 

DESCRIPTION OF THE SIXTH PRE FERRFO EM- 
BODIMENT " 

A sixth embodiment of this invention is similar 
to the embodiment of Figs. 10 and 11 except for 
design changes indicated hereinafter. 

In the sixth embodiment, the ECU 16 periodi- 
cally drives the control valve 33 in response to the 
difference AMG between the target guard opening 
degree TG and the actual guard opening degree 
MG at a control period which is chosen to reduce 
the number of times of periodical drive of the 
control valve 33. 

The sixth embodiment includes steps 601, 602, 
and 603 of Fig. 12 which replace portions of the 
steps 307, 308, 309 and 310 of Fig. 4. Specifically, 
the step 601 compares the difference AMG with a 
resolution GG. When the difference AMG is equal 
to or greater than the resolution GG, the program 
advances from the step 601 to the step 602. Other- 
wise, the program advances from the step 601 to 
the step 603. The step 602 turns on the control 
valve 33 to feed a vacuum to the guard actuator 
31. The step 603 turns off the control valve 33. 
Alter the steps 602 and 603, the program advances 
to a next. step. 

Thus, the control valve 33 continues to be on 
or off during at least the period T of reiterative 
execution of the related program segment. As a 
result, it is possible to prevent the control valve 33 
from being turned on and off at an excessively high 
frequency. This is advantageous in the life of the 
control valve 33. 

The period T of reiterative execution of the 
program segment is predetermined on the basis of 
a variation in the guard opening degree with re- 
spect to the time of energization of the control 
valve 33. As shown in Fig. 13, the period T is set 
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equal to a time necessary for moving the guard 
opening degree by the resolution GG. 

In the case where the target guard opening 
degree TG increases stepwise and then mon- 
otonically increases, the actual guard opening de- 
gree MG and the state of the drive signal to the 
control valve 33 vary as shown in Hg. 14. Even in 
the case where the difference AMG becomes 
small, the difference AMG is evaluated every pe- 
riod T. Thus, it is possible to prevent the control 
valve 33 from being turned on and off at an exces- 
sively high frequency. 

DESCRIPTION OF THE SEVENTH PREFERRED 
EMBODIMENT 

A seventh embodiment of this invention is simi- 
lar to the embodiment of Figs. 1-5 except for 
design changes indicated hereinafter. 

In the seventh embodiment, characteristics of a 
variation in the throttle opening degree with respect 
to the degree of depression of accelerator pedal 1 8 
(see Fig. 1) during vehicle acceleration from a 
cruise controlled state are gentler than those in 
normal vehicle running conditions. Thereby, fine 
adjustment of the vehicle speed is enabled during 
vehicle acceleration from the cruise controlled 
state. Specifically, during vehicle acceleration from 
the cruise controlled state, even when the accelera- 
tor pedal 18 is depressed at an excessive degree, 
a resultant increase in the throttle opening degree 
is effectively suppressed or limited. Thus, fine ve- 
hicle acceleration from the cruise controlled state is 
enabled. 

Fig. 15 is a flow diagram of operation of the 
ECU 16 (see Fig. 1) in the seventh embodiment. 
As shown in Fig. 15, a minimum selecting section 
61 compares the accelerator depression degree 
(the accelerator signal) AP and the actual guard 
opening degree MG, and selects smaller one of the 

. . degrees AP and MG as an accelerator value APA. 

! \ -.The operation of the minimum selecting section 61 
enables the throttle opening degree to be con- 
trolled at a safe side even when one of the accel- 
erator sensor 19 (see Fig. 1) and the guard open- 
ing degree sensor.38 (see Fig. 1) is wrong. 

An accelerator target opening degree setting 
section 62 sets an accelerator target opening de- 

• gree TA in response to the accelerator value APA 
according to predetermined characteristics CO or 
Cc shown in Fig. 15. During execution of auto- 
motive cruise control, the accelerator target open- 
ing degree TA is set in response to the accelerator 
value APA according to the predetermined char- 
acteristics Cc. During other conditions (normal con- 
trol conditions), the accelerator target opening de- 
gree TA is set in response to the accelerator value 
APA according to the predetermined characteristics 
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CO. The change between the predetermined char- 
acteristics CO and the predetermined characteris- 
tics Cc is responsive to the C/C (cruise control) 
execution flag given by a C/C section 63. 
s When the C/C switch 20 is in the position for 

executing automotive cruise control, the C/C sec- 
tion 63 calculates a C/C target opening degree 
TCC on the basis of the vehicle speed V informed 
by the vehicle speed sensor 17. The C/C target 
io opening degree TCC is designed to hold the ve- 
hicle speed V constant. 

A maximum selecting section 64 compares the 
accelerator target opening degree TA and the C/C 
target opening degree TCC, and selects greater 
75 one of the degrees TA and TCC as a throttle target 
opening degree TD. The ECU 16 controls the throt- 
tle actuator 14 (see Fig. 1) in response to the 
throttle target opening degree TD so that the actual 
degree of opening of the throttle valve 12 (see Fig. 
20 1) will be substantially maintained at the throttle 
target opening* degree TD. 

As shown in Fig. 15, in a range of small accel- 
erator values APA, the predetermined characteris- 
tics Cc are gentler than the predetermined char- 
25 acteristics CO. Thus, an increase in the accelerator 
target opening degree TA in response to depres- 
sion of the accelerator pedal 18 to execute vehicle 
acceleration from the cruise controlled state is 
smaller than that in normal vehicle running con- 
30 ditions. 

When the accelerator pedal 1 8 is depressed to 
execute vehicle acceleration from the cruise con- 
trolled state, the actual guard opening degree MG, 
the throttle opening degree TS, the accelerator 
35 depression degree (the accelerator signal) AP, the 
accelerator target opening degree TA(CO) related 
to the predetermined characteristics CO, the accel- 
erator target opening degree TA(Cc) related to the 
predetermined characteristics Cc, and the force F 
40 of depressing the accelerator pedal 18, the reaction 
force F23 of the spring 23, the reaction force F26 
of the spring 26, and the vehicle speed V vary as 
shown in Fig. 16. 

Under normal vehicle running conditions, when 
45 the accelerator pedal 18 is further depressed to 
execute vehicle acceleration, the actual guard 
opening degree MG, the throttle opening degree 
TS, the accelerator depression degree (the accel- 
erator signal) AP, the accelerator target opening 
50 degree TA(CO) related to the predetermined char- 
acteristics CO, the accelerator target opening de- 
gree TA(Cc) related to the predetermined char- 
acteristics Cc, and the force F of depressing the 
accelerator pedal 1 8, the reaction force F23 of the 
55 spring 23, the reaction force F26 of the spring 26, 
and the vehicle speed V vary as shown in Fig. 17. 

As shown in Fig. 16, in the case where the 
accelerator pedal 18 is abruptly depressed to ex- 
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ecute vehicle acceleration from the cruise con- 
trolled state, the throttle opening degree TS re- 
mains unchanged for a given interval and then 
starts to increase gradually. Thus, even when the 
accelerator pedal 18 is depressed at an excessive 
degree, an abrupt change in the vehicle speed is 
suppressed so that smooth running of the vehicle 
is maintained. 

Claims 

1. A throttle valve control apparatus for electri- 
cally driving a throttle valve which adjusts a 
rate of air flow into an engine mounted on a 
vehicle, comprising: 

a lever connected to the throttle valve for 
movement in an opening direction and a clos- 
ing direction together with the throttle valve; 

an opening degree limiting member lo- 
cated in a side of the lever which corresponds 
to the opening direction; 

a spring urging the opening degree limit- 
ing member in a direction of closing the throt- 
tle valve; 

an accelerator member; 
accelerator interlocking and driving means 
for moving the opening degree limiting mem- 
ber in accordance with a degree of operation 
of the accelerator member; 

a throttle actuator for adjusting a degree of 
opening of the throttle valve; 

a vehicle speed sensor for detecting a 
running speed of the vehicle; 

a guard actuator for adjusting a position of 
the opening degree limiting member; and 

auto cruise control means for controlling 
the throttle actuator and feedback-controlling 
the vehicle speed detected by the vehicle 
speed sensor at a target vehicle speed; 
characterized by: 

guard control means for controlling the 
guard actuator and adjusting the position of the 
opening degree limiting member at a position 
slightly separated from a position of the lever 
in the opening direction during control by the 
auto cruise control means; and 

changing means for changing control of 
the position of the opening degree limiting 
member by the guard control means and con- 
trol of the position of the opening degree limit- 
ing member by the accelerator interlocking 
and driving means with each other. 

2. The throttle valve control apparatus of claim 1 
characterized in that the changing means com- 
prises failure detecting means for detecting a 
failure of the throttle valve control apparatus, 
and means for replacing the control of the 



position of the opening degree limiting mem- 
ber by the guard control means with the con- 
trol of the position of the opening degree limit- 
ing member by the accelerator interlocking 
and driving means when the failure is de- 
tected. 

3. The throttle valve control apparatus of claim 1 
characterized in that the changing means com- 
prises determining means for determining an 
acceleration requirement for increasing the tar- 
get vehicle speed during control by the auto 
cruise control means, and means for replacing 
the control of the position of the opening de- 
gree limiting member by the guard control 
means with the control of the position of the 
opening degree limiting member by the accel- 
erator interlocking and driving means when an 
additional acceleration is detected. 

20 

4. The throttle valve control apparatus of claim 3 
characterized by detecting means for detecting 
the degree of operation of the accelerator 
member, and characterized in that the deter- 

25 mining means comprises means for determin- 

ing the additional acceleration to be present 
when the degree of operation of the accelera- 
tor member exceeds an operation degree cor- 
responding to a degree of opening of the throt- 

30 tie valve which is determined by the auto 

cruise control means. 

5. The throttle valve control apparatus of claim 3 
characterized by detecting means for detecting 

35 the degree of operation of the accelerator 

member, and normal control means for control- 
ling the throttle actuator and adjusting the de- 
gree of opening of the throttle valve, in a range 
extending from the position of the opening 

to degree limiting member in the closing direc- 

tion, in response to the degree of operation of 
the accelerator member, and characterized in 
that the changing means comprises means for 
replacing the control of the position of the 

5 opening degree limiting member by the guard 

control means with the control of the position 
of the opening degree limiting member by the 
accelerator interlocking and driving means 
when the acceleration requirement is detected, 

o and means for replacing control of the position 

of the throttle valve by the auto cruise control 
means with control of the position of the throt- 
tle valve by the normal control means when 
the acceleration requirement is detected. 

55 

6. The throttle valve control apparatus of claim 5 
characterized by a throttle opening degree 
sensor for detecting the position of the throttle 
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valve, and a guard opening degree sensor for 
detecting the position of the opening degree 
limiting member, and characterized in that the 
guard control means comprises means for 
feedback-controlling the position of the open- 5 
ing degree limiting member, which is detected 
by the guard opening degree sensor, at a 
position slightly separated from the throttle 
valve position detected by the throttle opening 
degree sensor in the opening direction. 70 

7. The throttle valve control apparatus of claim 5 
characterized by a guard opening degree sen- 
sor for detecting the position of the opening 
degree limiting member, and characterized in 75 
that the guard control means comprises means 
for feedback-controlling the position of the 
opening degree limiting member, which is de- 
tected by the guard opening degree sensor, at 
a position slightly separated from a target posi- 20 
tion of the throttle valve determined by the 
normal control means in the opening direction. 



8. The throttle valve control apparatus of claim 1 
characterized in that the throttle actuator com- 
prises a motor having a rotatable output shaft, 
and a reduction gear assembly for moving the 
throttle valve in accordance with rotation of the 
output shaft of the motor. 
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9. The throttle valve control apparatus of claim 1 
characterized in that the throttle actuator com- 
prises a motor located at a side of the lever 
which corresponds to the opening direction, 

the motor being operative for moving the lever 35 
only in the opening direction, and an auxiliary 
■ battery for feeding a current to the motor to 
rotate the motor in the opening direction when 
the motor is disconnected from a main battery. 

40 

10. The throttle valve control apparatus of claim 1 
characterized by a guard opening degree sen- 
sor for detecting the position of the opening 
degree limiting member as a guard opening 
degree, and characterized in that the guard 4s 

■ r . aciuator comprises an electromagnetic valve 
and means for moving the opening degree 
limiting member, in the opening direction and 
the closing direction in response to on/off op- 
eration of the electromagnetic valve, and that 50 
the guard control means comprises means for 
deriving a difference between a target opening 
degree and the guard opening degree detect- 
ed by the guard opening degree sensor, 
means for comparing the derived difference 55 
and a resolution, means for changing the on/off 
operation of the electromagnetic valve and 
feedback-controlling the position of the open- 



ing degree limiting member in a given range 
slightly separated from the position of the lever 
in the opening direction when the difference 
exceeds the resolution, and means for setting 
a control period of the electromagnetic valve 
on the basis of the resolution and a velocity of 
a variation in the position of the opening de- 
gree limiting member. 

11. The throttle valve control apparatus of claim 1 
characterized by detecting means for detecting 
the degree of operation of the accelerator 
member, and normal control means for control- 
ling the throttle actuator and adjusting the de- 
gree of opening of the throttle valve, in a range 
extending from the position of the opening 
degree limiting member in the closing direc- 
tion, in response to the degree of operation of 
the accelerator member, and characterized in 
that the auto cruise control means comprises 
first means for calculating a first target throttle 
opening degree to feedback-control the vehicle 
speed at the target vehicle speed, second 
means for calculating a second target throttle 
opening degree in accordance with the degree 
of operation of the accelerator member, and 
third means for controlling the throttle actuator 
in accordance with greater one of the first 
target throttle opening degree and the second 
target throttle opening degree, and that char- 
acteristics of calculation of the second target 
throttle opening degree by the second means 
are set to provide a variation in the throttle 
opening degree which is gentler than a vari- 
ation in the throttle opening degree according 
to characteristics of control of the throttle 
opening degree by the normal control means. 

12. An apparatus for controlling an automotive ve- 
hicle having an engine throttle valve with a 
variable degree of opening, the apparatus 
comprising: 

first means being engageable with the 
throttle valve for determining an adjustable up- 
per limit of the degree of opening of the throt- 
tle valve; 

second means for executing cruise control 
of the vehicle; 

third means for detecting a current position 
of the throttle valve; and 

fourth means, connected to the first 
means, the second means, and third means, 
for adjusting the upper limit determined by the 
first means in response to the current position 
detected by the third means when the second 
means executes the cruise control of the ve- 
hicle. 
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